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PHARMACEUTICAL COMPOSITIONS COMPRISING CYCLODEXTRINS 

This invention relates to novel pharmaceutical compositions, in particular compositions 
and dosage forms providing improved drug release and uptake on aoministration into 
5 externally voiding body cavities (e.g. the gi tract) or on topical administration, especially 
for acid solubilized drug compounds. 

Many drug compounds, while possessing desired therapeutic properties, are used 
inefficiently due to their poor water solubilities. Thus for example where such 

10 compounds are administered orally, only a small fraction of the drug is taken up into the 
blood during transit of the gi tract. As a result, to achieve adequate drug uptake it may 
be necessary to administer high doses of the drug compound, to prolong the period of 
drug administration or to make frequent administrations of the drug compound. Indeed, 
the poor solubility and hence poor bioavailability of a drug may cause an alternative 

15 drug, perhaps one with undesired side effects or one which requires invasive administra- 
tion (e.g. by injection or infusion), to be used in place of the poorly soluble drug. 

One approach to poor solubility is to derivatise the drug molecule to introduce water 
solubilizing groups, e.g. ionic groups such as carboxyl groups or non-ionic groups such 

20 as polyhydroxyalkyl groups, so as to produce a more soluble derivative. This approach 
however is not always successful as it may not be possible to maintain adequately high 
therapeutic efficacy and adequately low toxicity or other side effects. Thus one example 
of a poorly water soluble drug which has not been superseded by a solubilized derivative 
is the antifungal agent itraconazole. 

25 Attempts have therefore been made to enhance the uptake of drugs such as itraconazole 
by increasing the surface area of the drug compound exposed to saliva or gastric fluid, 
and hence promote dissolution of the drug compound, by thinly coating the drug • 
compound onto essentially inert carrier particles, e.g. sugar beads. This however has the 
drawback that the volume of solid composition required to administer a given quantity 

30 of the drug compound is quite high since the carrier contributes significantly to the 

overall administration volume. Since administration of large volume capsules or tablets, 
or of large quantities of smaller volume capsules or tablets, provides difficulties for the 
patient, the drawbacks of this approach are obvious. 

35 Yet another approach has been to administer the drug compound in the form of a 
solution of the drug compound and a drug complexing agent such as a cyclodextrin. 
This approach has limitations also in that the dosage volume is constrained by the 
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be used, and there ,s no gradual release of the drug compound for biological uptake. 
However, we have now found that by combining such drug compounds with a cyc.c 

' ^ ^ 3 W " ble ^ » administration 

form may be produced which surprisingly improves ^ biological 

compound, m particular a form which can surprisingly improve the time profile for I 
drug content of me plasma of Che patient ft , the pharmacokinetic profile defined by 
such parameters as AUC, W , Q^, etc.). 7 

Thus viewed from one aspect me invention provides a pharmaceutical composite 
compnsmg a no more than sparingly water-soluble drug compound, a cyclodextrin a 
physiological tolerable water-soluble acid, and a physiological^ tolerable water- ' 

soluble organic polymer. 

Viewed from a further aspect the invention proves the use of a no more than sparingly 

ac TZ I ? COmPOUnd, a CyCl ° deXtrin ' a ^^Uy toi-able water-Lbl 
acid, and a physiologically tolerable water-soluble organic polymer for the manufacture 
of a pharmaceutical composition according to the invention for use in a method of ' 

therapy or diagnosis of the human or non-human animal (e.g. mammalian, reptilian or 

avian) body. F 

Viewed from a still further aspect the invention provides a method of therapy or 
diagnosis of the human or non-human animal (e.g. mammalian, reptilian or avian) body 
which comprises administering to said body a therapeutically or diagnostically effective 
dose of a pharmaceutical composition, the improvement comprising using as said 
composition a composition according to the present invention. 

The compositions of the invention may if desired be aqueous, but in general will 
preferably be substantially water-free, e.g. containing up to 3% by weight, preferably 
less than 1% by weight water, and most preferably less than 0.5% water, but may be 
mtxed with water immediately before administration or may be coated and dispersed in 
an aqueous medium whereby the coating is only broken down after administration 
Such aqueous compositions are deemed to fall within the scope of the invention 
Depending on the selection of components, the compositions of the invention may be 
hqmd, sohd or semi-solid - e.g. gel-like. Preferably the compositions are non- 
freeflowing at ambient temperature (e.g. 21°C), other than as free flowing particulates 
Thus the compositions at ambient temperature are preferably solids or semi-solids or ' 
less preferably, highly viscous fluids. 
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In the compositions of the invention the drug compound, acid, cyclodextrin and organic 
polymer are intimately admixed. • organic 

Thus where the composition is particulate, the acid, drug compound, cyclodextrin and 
orgamc polymer are mixed together within the particles (e.g. at the molecular level 
following solvent removal from a solution of these components). Granulate mixtures 
where mdi v ldU al particles do not contain all four components, or have cores of one or 
more components coated with other components are not preferred. This intimate 
admixture is important since the effects of the components are complimentary at the 
rmcroscopic level during dissolution of the compositions of the invention. 

Preferably, all components are dispersed so as to form a system that is chemically and 

Physically uniform or homogenous throughout, or consists of one phase as defined in 

thermodynamics ; such a dispersion will be called a glass thermoplastic phase or system 

hereinafter. The components of the glass thermoplastic system are readily bioavalaible 

to the orgamsms to which they are administered. This advantage can probably be 

explained by the ease with which said glass thermoplastic system can form liquid 

solutions when contacted with a body liquid such as gastric juice The ease of 

dissolution may be attributed at least in part to the fact that the energy required for 

dissolution of the components from a glass thermoplastic system is less than that 

required for the dissolution of components from a crystalline or microcrystalline solid 
phase. 

As the cyclodextrin in the compositions of the invention, there may be used any of the 
physiologically tolerable water-soluble substituted or unsubstituted cyclodextrins or 
Physiologically tolerable derivatives thereof, e.g. a-, 0- or y-cyclodextrins or derivatives 
thereof, m particular derivatives wherein one or more of the hydroxy groups are 
substituted, e.g. by alkyl, hydroxyalkyl, carboxyalkyl, alkylcarbonyl, carboxyalkoxyalkyl 
alkylcarbonyloxyalkyl, alkoxycarbonylalkyl or hydroxy-(mono or polyalkoxy)alkyl ' 
groups, wherein each alkyl or alkylene moiety preferably contains up to six carbons. 

Substituted cyclodextrins which can be used in the invention include polyethers e g as 
described in US Patent 3,459,731. In general, to produce these, unsubstituted 
cyclodextrins are reacted with an alkylene oxide, preferably under superatmospheric 
pressure and at an elevated temperature, in the presence of an alkaline catalyst Since a 
hydroxy moiety of the cyclodextrin can be substituted by an alkylene oxide which itself 
can react with yet another molecule of alkylene oxide, the average molar substitution 
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(MS) is used as a measure of the average number of moles of the substituting agent per 
glucose unit The MS can be greater than 3 and theoretically has no limit In the 
cyclodextrin derivatives for use in the compositions according to the present invention 
the M.S. 1S conveniently in the range of 0.125 to 10, in particular of 0.3 to 3 or from 
5 0.3 to 1.5. Preferably the M.S. ranges from about 0.3 to about 0.8, in particular from 
about 0.35 to about 0.5 and most particularly it is about 0.4. M.S. values determined bv 
NMR or IR preferably range from 0.3 to 1 , in particular from 0.55 to 0.75. 

* 

Further examples of substituted cyclodextrin* include ethers wherein the hydrogen of 
10 one or more cyclodextrin hydroxy groups is replaced by C, 6 alkyl, hydroxyC, 6 -alkyl 
carboxy-Caalkyl or C^alkyloxycarbonyl-C^alkyl groups or mixed ethers thereof in 
particular such substituted cyclodextrins are ethers wherein the hydrogen of one or more 
cyclodextrin hydroxy groups is replaced by C,,,alkyl, hydroxy-C 2 . 4 alkyl or carboxy- 
C,. 2 alkyl or more particularly by methyl, ethyl, hydroxyethyl, hydroxypropyl, 
15 hydroxybutyl, carboxymethyl or carboxyethyl. 

In the foregoing definitions, the term "C^alkyl" is meant to include straight and 
branched saturated hydrocarbon radicals, having from 1 to 6 carbon atoms such as 
methyl, ethyl 1-methylethyl, 1,1-dimethylethyl, propyl. 2-mcthylpropyl, butyl pentyl 
20 hexyl and the like. y 

Such ethers can be prepared by reacting a cyclodextrin with an appropriate O-aUcylating 
agent or a mixture of such agents in a concentration selected .such that the desired 
cyclodextrin ether is obtained. The reaction is preferably conducted ,n a solvent in the 
25 presence of a base. With such ethers, the degree of substitution (DS) is the average 
number of substituted hydroxy functions per glucose unit, the DS being thus 3 or less. 

In the cyclodextrin derivatives for use in the compositions according to the present 
invention, the DS preferably is in the range of 0. 1 25 to 3, in particular 0.3 to 2 more 
JO particularly 0.3 to 1, and the MS is in the range of 0. 125 to 10, in particular 0.3 to 3 and 
more particularly 0.3 to 1.5. 

Of particular utility in the present invention are the p-cyclodextrin ethers, e.g. dimethyl- 
P-cyclodextrin as described in Drugs of the Future, Vol. 9, No. 8, p. 577-578 by 
15 M. Nogradi (1984) and polyethers, e.g. hydroxypropyl-0-cyclode'xtrin and 

hydroxyethyl-p-cyclodextrin. Such alkyl ethers may for example be methyl ethers with a 
degree of substitution of about 0. 125 to 3, e.g. about 0.3 to 2. Such a hydroxypropyl 
cyclodextrin may for example be formed from the reaction between p-cyclodextrin and 
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propylene oxide and may have a MS value of about 0.125 to 10, e.g. about 03 to 3. 

Especially suitable cyclodextrins are P -CD, ^dundhyl-^CD. 2-hydroxyethyl- P -CD 
2-hydroxyethyl- Y -CD, 2-hy droxypropy 1 -y- CD and (2-carboxy m ethoxy)pr OP yllcD ' 
and in particular 2-hydroxypropyl-P-CD. 



Besides simple cyclodextrins, branched cyclodextrins and cyclodextrin po l ymers 

also be used. 



may 



3 " nb6d CXamP,e in ChemiCal and Pharmaceutical Bulletin 

18: - 558 (1980), Yalcugyo Jiho No. 6452 (28 March 1983), Angew. Cher, Int. 
Ed. Engl. 19: 344-362 (1980), US-3,459,731, EP-A-0.149,197, EP-A-0 197 571 
US-4,535,152, WO-90/12035 and GB-2,189,245. Other references describing ' 
cyclodextnns for use in the compositions according to the present invention, and which 
prov.de a guide for the preparation, purification and analysis of cyclodextrins include the 
following: "Cyclodextrin Technology" by J&sef Sajtli. Kluwer Academic Publishers 
(1988) in the chapter Cyclodextrins in Pharmaceuticals; "Cyclodextrin Chemistry" by 
M.L. Bender et al., Springer- Verlag, Berlin (1978); "Advances in Carbohydrate 
Chemistry", Vol. 12, Ed. by M.L. Wolfrom, Academic Press, New York in the chapter 
The Schardinger Dextrins by Dexter French al p. 1 89-260; "Cyclodextrins and their 
Inclusion Complexes" by J. Szejtli, Akadem.ai Kiado, Budapest, Hungary (1982)- 
I. Tabushi in Acc. Chem. Research, 1982, 15, p. 66-72; W. Sanger, Angewandte 
Chemie, 92, p. 343-361 (1981); A.P. Croft and R.A. Bartsch in Tetrahedron, 3J>. 
p. 1417-1474 (1983); Irie et al. Pharmaceutical Research, 5, p. 713-716, (1988)- Pitha et 
al. Int. J. Pharm. 29, 73, (1986); DE 3,1 18,218; DE-3,3 17,064; EP-A-94 157- 
US-4,659,696; and US-4,383,992. 

■ 

More recent examples of substituted cyclodextrins include sulfobutylcyclodextrins 
(US-5.134.127-A). Their use is also envisaged in the present invention. 

The cyclodextrin used is preferably a (i-cyclodextrin, in particular hydroxypropyl- 
P-cyclodextrin. The most preferred cyclodextrin derivative for use in the compositions 
of the present invention is hydroxypropyl-p-cyclodextrin having a M.S. in the range of 
from 0.35 to 0.50 and containing less than 1 .5% unsubstituted 0-cyclodextrin. 
M.S. values determined by NMR or IR preferably range from 0.55 to 0.75. 

Nevertheless, the choice of cyclodextrin may be directed by the ability of the selected 
drug compound to be complexed by a particular cyclodextrin - thus the cyclodextrins 
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with greater affinity for the particular drug compound may be preferred. 

In the compositions of the invention, the cyclodextrin is preferably present at 5 to 70% 
by we lg ht, more preferably 8 to 55%, most preferably 10 to 45% by weight (r 1 tiveTo 
the total weight of cyclodextrin, acid, organic polymer and drug). The « of 
eye odextnn used however will generally be dependent on the quantity of drug and the 
molar ratio of cyclodextrin to drug will preferably lie in the range 1 00 1 to 15 
especially 50: 1 to 1 :2, more especially 1 0: 1 to 1 : 1 . 

The acid used in the compositions of the invention may be any of the water-soluble 
Physically tolerable acids, in particular any of the inorganic or, more preferably 
~ ™—»y — ^ the preparation of acid salts of drug compound; 
and maIdC ' mal - " — — b — • — 

Tartaric acid and more especially citric acid are preferred since the salts they form with 
drug compo ds usualJy haye a re(juced tendency to prec . p . ^ f . om 

In general however, any acid which is not so strong as to cause degradation of the ' 
eyclodextrin and yet which .s capable, on the addition of water, of generating a low pH 
environment, preferably lower than pH 4 and ideally about pH 2, may be used. The acid 
may be m liquid (e.g. solution) or solid form; however acids which are solid at ambient 
conditions m their anhydrous or hydrate forms will generally be preferred. 

In the compositions of the invention, the acid will preferably be present at 1 to 95% by 
weight, preferably 5 to 90% by weight, more preferably 20 to 80%, and especially 
preferably 35 to 60% by weight (relative to the total weight of cyclodextrin drug 
compound organic polymer and acid). The amount of acid used will be dependent upon 
the selected acid and drug compound, but in general an increase in the relative 
proportion of acid will result in an acceleration of drug dissolution on contact with 
water. The amount of acid used will normally be at least the amount necessary to form 
a 1 : 1 salt with the drug compound. 

In general, the acid will form a significant proportion of dosage forms that dissolve 
rapidly in body fluids. Typically, they will comprise from 50 to 95% by weight of acid 
preferably 50 to 90% by weight, more preferably 55 to 60% by weight. Thus viewed ' 
from a further aspect the invention provides a pharmaceutical composition comprisin E 
an organic drug compound, a water-soluble physiologically tolerable acid a water 
soluble physiologically tolerable cyclodextrin and a water-soluble physiologically 
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tolerable organic polymer, characterised in that the weight ratios of drug compound to 
acid and of drug compound to cyclodextrin are no more than 2: 1 , preferably no more 
than 1.5:1, especially preferably no more than 1 : 1 , and particularly preferably no more 
than 0.9: 1 , especially no more than 0 5*1 

5 

The organic polymer used in the compositions of the invention may be any of the 

P hys 10 logically tolerable water soluble synthetic, semi -synthetic or non-synthetic organic 

polymers. fc 

10 Thus for example the polymer may be a natural polymer such as a polysaccharide or 
polypeptide or a derivative thereof, or a synthetic polymer such as a polyalkylene oxide 
(e.g. PEG), polyacrylate. polyvinylpyrrolidone, etc. Mixed polymers, e.g. block 
copolymers and glycopeptides may of course be used. 

15 It is believed that the effect of the organic polymer arises from an enhancement in 
viscosity which serves to stabilize supersaturated solutions of the drug compound on 
dissolution of the composition of the invention. Thus the polymer conveniently has a 
molecular weight in the range 500D to 2 MD, and conveniently has an apparent 
viscosity of 1 to 100 mPa.s when in a 2% aqueous solution at 20"C. For example the * 

20 water-soluble polymer can be selected from the group comprising 

- alkylcelluloses such as methylcellulose, 

- hydroxyakylcelluloses such as hydroxymethylcellulosc, hydroxyethylcellulose, 
hydroxypropylcellulose and hydroxybutylcellulose, 

- hydroxyalkyl alkylcelluloses such as hydroxyethyl methylcellulose and hydroxypropvl 
25 methylcellulose, ^ Py 

- carboxyalkylcelluloses such as carbdxymethylcellulose, 

- alkali metal salts of carboxyalkylcelluloses such as sodium carboxymethylcellulose 

- carboxyalkylalkylcelluloses such as carboxymethylethylcellulose, 

- carboxyalkylcellulose esters, 
30 - starches, 

- pectins such as sodium carboxymethylamylopectin, 

- chitinderivatessuchaschitosan, 

- heparin and heparinoids, 

- polysaccharides such as.alginic acid, alkali metal and ammonium salts thereof, 
35 carrageenans, galactomannans, tragacanth, agar-agar, gum arabic, guargum and 

xanthan gum, 

- polyacrylic acids and the salts thereof, 
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polymethacrylic acids and the salts thereof, methaciylate copolymers 



- polyvinylalcohol, 

- polyvinylpyrroUdone, copolymers of polyvinylpyrrolidone with vinyl acetate 

- polyalkylene oxides such as polyethylene oxide and polypropylene oxide and 
copolymers of ethylene oxide and propylene oxide, e.g. poloxamers and poloxamines 

Non-enumerated polymers which are pharmaceutical^ acceptable and have appropriate 
physico-chemical properties as defined hereinbefore are equally suited for preparing 
compositions according to the present invention. 

Particularly preferably the organic polymer is a cellulose ether, e.g. methyl cellulose 
hydroxyethylmethylcellulose, or hydroxypropylmethylcellulose (HPMC) for example a 
Methocel® (available from Colorcon, En g ,and) such as Methocel A MethoceT 

SmT! r M ^ 0Cel K ' MClh0Cel J " HB ° r a Met0l ° Se@ ««* - Metolose 

SM. Metolose SH or Metolose SB. Especially preferably the organic polymer is a 

hydroxypropylmethylcellulose. e.g. from 5 cps Methocel E to 15000 cps Methocel 

Even very small quantities of the organic polymer serve to achieve a beneficial effect in 
the compositions of the invention. Thus i„ the compositions of the invention the organic 
polymer ,s conveniently present at 0.05 to 35* by weight, preferably 0.1 to 20% more 
preferably 0.5 to 15%, and most preferably 2 to I l* by weight (relative to the total 
weight of drug compound, acid, cyclodextrin and organic polymer). The content and 
viscosity grade of the organic polymer both affect the dissolution profile for the drug ' 
compound m the compositions of the invention, with increased organic polymer content 
and/or increased viscosity grade (e.g. 15000 mPa.s in place of 5 mPa.s (mPa s values 
being at 2% aqueous solution at 20°)) both tending to decelerate drug compound 
dissolution). Accordingly the selection of the identity and quantity of the organic 
polymer will generally depend upon the dissolution profile that is desired. For example 
a composition that provides sustained release of the drug, will comprise a water soluble 
polymer having an apparent viscosity of more than 1,000 mPa.s when dissolved in a 2% 
aqueous solution at 20°C. 

The drug compound used in the compositions of the invention may be any organic or 
inorganic material which is no more than sparingly soluble, i.e. which is sparingly 
soluble, slighdy soluble, very slightly soluble, or practically insoluble in pure water at 
2VC de. requiring from 30, from 100, from 1000 or from 10000 parts water to put 1 
part by weight drug compound into solution). In particular, the drug is a basic 
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compound. 



Examples of such poorly water-soluble compounds that may be used in the 
compositions of the invention include nifedipine, itraconazole (described in EP- A-67 1 1) 
saperconazole (see US-A-4916134), (-)-[2S-[2a,4a( S *) ]] - 4 - t 4- [4 - [ 4- r[2 . (4 . chloro 

phenylH- pi perazinyl] P hen^^ 

(Compound 40 in W096/13499), cisapride (described in EP-A-76530) 

(B)-N-[4- [ 2-eth y l-l-(lH-l,2,4-tria Z ol-l- y l)butyl ]p henyl]-2-benzomia Z o\amine 
(described in WO-97/49704); methyl 6,11-dihydro-l l-H-[2-[4-(2 

q U inolinylmethox y )phe„ y l ]elhy ^ 

3- carboxylate (described in WO-97/34897); 

4- [[4- am ino-6-[(2,6-dichlor 0p h e n y l) me th y lH 1 3.5-tria ZJ n.2- y l]amino]ben 2 onitrile 
(described in EP-0,834,507); 

(B-ci S )-l-[4-[4-[4-[[4-(2 ( 4-difluorophen y l)-4-(l//-l,2 > 4-triazol-l- y l me th y l)-13 
dioxolan-2-yl]methoxy]phenyl]- l-piperazinyl]phenyl]-3-(] -methylethyl)-2- 
imidazolidinone; 

(2S-ci S )-l-[4-r 4 -r4-[r4-C2^^ 

dioxolan-2- y l]methoxy]phenyl]- I-piperazinyl]ph eny l]-3-(l -meth y lethyl)-2- 

imidazolidinone; 

3-[2-[3,4-dihydrobenzofuro[3,2-c]pyridin-2(l/0-yl]eth y l|-2-meth y l-4//- py rido- 
[1 ,2-a]pyrimidin-4-one; 

yV-[2-[4-(4-chloro P henyl)-l- P iperazinyl]ethyll-2-benzothiazolamine- 
(descnbed in WO-97/49704) 

(B)-6-[amino(4-chlorophenyl)(l- m em y l-l//-irnidazol-5- y ])meth y l]-4-(3-chlorophenyl)- 

1- meth y l-2(l#)- qu inolinone; * 

(B)-Ar-[4-[2-eth y l-l-(l//-l,2,4-tria Z ol-l- y l)but y l]phen y l]-2-benzothiaz 0 lamine- 
3 -[ 6 -(d™em y l am ino)-4^^ 

pynmidin-7-arnine monohydrochloride; 

^H 1 -P-[H(2,3-dihyd ro -W-iiKten-2 

2- yljcyanamide; and 

( + )-(B-trans)-4-[143,5-bi S (trinuoromelhyl)benzoyl]-2-(phenyl m ethyl)- 4 - p iperidin y l]-M 
(2 ) 6-d 1 meth y lphen y l)-l-pip era zineacetamide (S)-h y drox y butanedioate (1:1). 

Further suitable active ingredients are those which exert a local physiological effect as 
well as those which exert a systemic effect, either after penetrating the mucosa or - in 
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Z 2» T ad—U ° n " ate <~ » *> ^-intestinal tract „ ith saliva 
The dosage forms prepared from the compositions according ,o the present invention 
are particularly suitable for active ingredients which exert their activity during a" 
extended period of time, i.e. drugs having a half-life of at leas, several hours 
Examples thereof are : 

analgesic and anti-inflammatory drugs (celecoxib, MK966, L-745 337 NSAIDs 
fentanyl, indomethacin, ketoprofen. nabumetone, oxyphenbutazone, paracetamol 
phenylbutazone, piroxicam, tramadol) ; anti-arrhythmic drugs (gallopamil 
procainamide, quinidine, verapamil) ; antibacterial and antiprotozoal agenis 
(amoxicillin, ampicillin, benzathine penicillin, benzylpenicillin, cefaclor, cefadroxil 
cefproztl, cefuroxime axetil, cephalexin, chloramphenicol, chloroquine, ciprofloxacin 
clanthromycn, clavulanic acid, clindamycin, doxyxycline, erythromycin 
flucloxacillin, halofantrine, i son iazid, kanamycin, lincomycin, mefloquine 
minocycline, nafcillin, neomycin, norfloxacin, ofloxacin, oxacillin, phenoxymethyl- 
penicilhn, pyrimethamine-sulfadoxime, quinine, streptomycin); anti-coa*ulants 
(warfarin) ; antidepressants (amitriptyline, amoxapine, butriptyline, clomipramine 
desipramme, dothiepin, doxepin, fluoxetine, fluvoxamine, gepirone, imipramine ' 
.lithium carbonate, mianserin, milnacipran, nortriptyline, paroxetine, sertraline • ' 

S-^-tS^-dxhydrobenzofurotS^-cJpyridin-ad/^-yllethylJ-l-methyl-^- 
pyrid 0 ri,2-a] P yrimidin-4-one ) ; anti-diabetic drugs (glibenclamide, metformin) ■ 
anhepilept.c drugs (carbamazepine, clonazepam, ethosuximide, phenobarbitone ' 
phenytoin, pnmidone, topiramate, valpromide) ; antifungal agents (amphotericin 
clotrimazole, econazole, fluconazole, flucytosine, griseofulvin, itraconazole - 
ketoconazole, miconazole nitrate, nystatin, terbinafine, voriconazole) ; aniigout 
(benzbromarone, probenecid) ; antihistamines (astemizole, cinnarizine, cyproheptadine 
decarboethoxyloratadine, fexofenadine, flunarizine, levocabastine, loratadine 
norastenuzole, oxatomide, promethazine, terfenadine) ; anti-hypertensive drugs 
(captopnl, clonidine, cyclizine, diazoxide, dihydralazine, enalapril, fosinopril 
guanethidine, ketanserin, lisinopril, minoxidil, prazosin, ramipril, rescinnamine 
reserpine, terazosin) ; anti-muscarinic agents (atropine sulphate, hyoscine) ; anti'virals 
(acyclovir, AZT, ddC, ddl, ganciclovir, loviride, tivirapine, 3TC, delavirdine 
indinavir, nelfinavir, ritonavir, saquinavir) ; antineoplastic agents and antimetabolites 
(adnamycine, cladribine, dactinomycin, daunorubicin, doxorubicin, etoposide 
mitomycin, mitoxantrone, paclitaxel, taxol, taxotere, trimetrexate, vincristine ' 
vinblastine) ; anti-migraine drugs (alniditan, naratriptan, sumatriptan) ; anti- ' 
Parkinsonian dmgs (bromocryptine mesylate, carbidopa, levodopa, selegiline) • 
antipsychotic, hypnotic, anxiolytic and sedating agents (alprazolam, buspirone ' 
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chlordiazepoxide, chlorpromazine, chlorprothixene. clozapine, diazepam, flupenthixol 
fluphenazine. flurazepam> haloperidoJi 9 . hydroxyrisperidone) J^J. 

melperone, methadone, olanzapine, oxazepam, pimozide. pipampL. pi 
promazine, nspendone, selfotel. seroquel, S ertindole. sulpiride, temazepam 
thioridazine, thiothixene, triazolam, trifluoperazine, trifluperidol, triflupromazine 
ziprasidone, Zolpidem) ; anti-stroke agents (lubeluzole. lubeluzole oxide, riluzole' 
aptaganel. eliprodil, remacemide) ; antitussive (dextromethorphan, laevodropropizine 
noscamne) ; beta-adrenoceptor blocking agents (atenolol, bupranolol. carvedilol ' 
labetalol. metipranolol. metoprolol, nebivolol. oxprenolol, propanolol) ; cardiac" 
inotropic agents (amrinone, digitoxin. digoxin, milrinone) ; corticosteroids 
(bedomethasone ^propionate, betamethasone, budesonide, cortisone, dexamethasone 
fludrocortisone, hydrocortisone, methylprednisolone, paramethasone, prednisolone ' 
prednisone triamcinolone) ; disinfectants (chlorhexidine) ; diuretics (acetazolamide 
amilonde, benzthiazide, chlorothiazide, chlorthalidone, dichlorphenamide, ethacrymc 
acid ethoxzolamide, frusemide, hydrochlorothiazide, hydroflumethiazide, isosorbide 
polythiazide, spironolactone, triamterene, trichloromethiazide) ; enzymes ■ ergot ' 
alkaloids (codergocrine, ergotamine, nicergolin) ; essential oils (anethole. anise oil 
caraway, cardamom, cassia oil, cineole, cinnamon oil, clove oil, coriander oil ' 
dementholised mint oil, dill oil, eucalyptus oil, eugenol, ginger, lemon oil, mustard oil 
neroh oil, nutmeg oil, orange oil, peppermint, sage, spearmint, terpineol thyme) - ' 
gastrointestinal agents (bromopride, cimetidine, cisapride, clebopride, diphenoxylate 
dompendone, famotidine, lansoprazole, loperamide, loperamide oxide, mesalazine ' 
metoclopramide, mosapride, nizatidine, norcisapride, olsalazine, omeprazole 
pamoprazole. perprazole. pirenzepine. prucalopride, ranitidine, rabeprazole ridogrel 
sulphasalazine) ; haemostatics (aminocaproic acid) ; immunosuppressants (cyclosporin 
A. tacrolimus) ; lipid regulating agents (atorvastatin, lovastatin. pravastatin, probucol 
simvastatin) ; local anaesthetics (benzocaine, lignocaine) ; opioid analgesics 
(buprenorphine, codeine, dextromoramide, dextropropoxyphene, dihydrocodeine 
hydrocodone, oxycodone, morphine, papaverine, pentazocine, pethidine) • 
parasympathomimetics (eptastigmine. galanthamine, metrifonate. neostigmine 
physostigmine, tacrine, donepezil, rivastigmine, milameUne, sabcomeline. talsaclidine 
xanomelme. memantine. lazabemide) ; sex hormones (androgens : methyltestosterone ' 
oxymetholone. stanozolol ; oestrogens : conjugated oestrogens. ethinyloestradiol ' 
mestranol. oestradiol, oestriol, oestrone ; progestogens ; chlormadinonc acetate ' 
cyproterone acetate, 17-deacetyl norgestimate, desogestrel, dienogest, dydroges'terone 
ethynodiol diacetate, gestodene, 3-keto desogestrel, levonorgestrcl, lynestrenol 
medroxyprogesterone acetate, megestrol. norethindrone, norethindrone acetate' 
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norethxsterone, norethisterone acetate, norethynodrel, norgestimate, norgestrel 
norgestnenone, progesterone, quingestanol acetate) ; stimulating agents (sildenafil) ■ 
sy^athotnimetics (ephedrine, clenbufcrol, fenoterol, norfenefrine, ps ud ^ 
vasodilators (amlodipine, amyl nitrite, buflomedil, buphenine, carblro.en ill im 
dxpyndamole, glyceryl trinitrate, isosorbide dinitrate, lidoflazine, molsidoml e ' 
mcardnpxne, mfedipine, nimodipine, oxpentifylline, pentaerythritol tetranitrate)' 



Otlier examples include the following: 

alpha-Lipoic acid lactose 

8-Methoxypsoralen lithium salts 

Allopurinol magnesium salts 

alpha.-Tocopherol menadione 

iron salts methylthiouracil 



methylxan thine 

phytomenadione 

propylthiouracil 



D g compounds smtable for use m the compositions of the invention include dru*s of 
all types conventionally administered totally (e.g. in a gel patch) or into an externally 
V ° ld 7 dUCt " £ -rally, rectally or vaginally. Such drugs Z«l 

m ^ " antlfUngalS ' Ca,CiUm CHannCl bJockers ' -bacterial,, anUhypertentives 
antmrals, analgesics, apolipoprotein B syntheses inhibitors-, and drugs which modify 
transn of gl tract contents (e.g. antidiarrhoea agents or motility promoters) 
Indeed, the invention is particularly applicable to poorly water-soluble imidazole 
tnazole, zm.dazo-benzazepines, nitrophenyl-pyridine, MA-b.sphenyl-piperazine, 'and 
"-phenoxyalkyl-pmeridine derivatives, e.g. the compounds mentioned above and 
compounds as described in EP-A-671 1, W096/13499 and EP-A-76530. 

IwTrXT ^ t inVenti ° n ^ C ° nVenien ^ ^ *«g -mpound at 

0.00 to 50% by we lg ht, preferably 0.1 to 35%, more preferably 0.5 to 30%, especially 

8 to 25% and most especially 10 to 15% by weight (relative to the total weight of acid 
cyclodextrin, organic polymer and drug compound). The quantity of drug will of course 
depend upon the desired dissolution profile, the intrinsic solubility of the drug 
compound and the drug dosage required where the drug is to be delivered in dosace 
units (e.g. capsules; coated tablets, etc). " 

Thus the present invention also provides pharmaceutical dosage forms comprising a 
therapeutically effective amount of a composition as described hereinbefore. 
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F™ P ,e „ toe drug „ ,„ be deUvered in , 

capac«y for a glass toennoplasuc system as described to toe Examples hereto and the 
des,re4 drug dose is ,00 mg/capsule) .hen toe entities and natural „ f toe"*" 
composmon components may be selected ,o give the desired drug dissolution profile ■ to 
genera. only a smaU „ of organic po.yme, e.g. 20 to 50 mg, m ay be necess^y 
and toe balance may be made up from acid and cyclodextrin with the rltio of acid Z 
cyclodexu,» betng set according to the required dissolution profile, e.g. with 200 ,o 400 
mg cyclodextrin and 450 to 650 mg acid. ' 

Besides the drug compound, the organic polymer, the acid and the cyclodextrin the 
compose of the invention may contain other conventional pharmaceutic*, exc pien. 
e.g. flavours, colouring agents, antioxidants, bulking agent,, fats, waxes, coating L2 
tospersants, suspension fluids (e.g. where the composition coated with a gastric Ue 
reststan, coating and dispersed as panicles in a suspension fluid such as water or a 
syrup), etc. Preferably such components when in intimate adrmxture with toe dru E 
compound will make up only a minor proportion of the composition, e.g. 0.0 . to 10% 
by wegh, re.at.ve to the total weigh, of acid, organic po.ymer, cyclodextrin and dm- 
compound). However where the composition of ,he invention is encapsulated or * 
dtsposed ,„ a carrier (e.g. a fluid or a solid or semi-solid matrix), the further components 
no, ,n inornate admixture with the drug compound (e.g. coating or encapsulating 

e.g. 5 to 95% by weight, of the overall composition. 

The composition, of the invention may be prepared by making an intimate admixture of 
the drug compound, cyclodextrin, acid and orgamc polymer. This may be effected most 
atraightforwaidly by dissolving these component, in a liquid solvent therefor and 
subsequently removing the solvent. Thus viewed from a further aspect the invention 
provrdes a process for the preparation of a pharmaceutical composition, said process 
com P „ sing: dissolving a drug compound> a water . soluWe cycIodextr . n) a 

tolerable water-soluble acid and a physiologically tolerable water-soluble organic 
polymer in a solvent; removing solvent from the resultant solution; optionally formine 
the resultant product into desired shapes; and opuonally coating the resulting producl 
with a physiologically tolerable coating material. 

The solvent used in the process of the invention is preferably a ph ys iol 0 gi ca i ly tolerable 
matenal, suuably an organic solvent such as a Q. 6 alkanol (e.g. ethanol), acetone, DMF 
a hnear or cyclic ether (e.g. diethyl ether, dimethyl ether, orTHF), cyclohexane, DMSO* 
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etc. or a solvent mixture that also may comprise water. For an acid with « h • k 

point, solvents or solvent mixtures which have high boiling ZT m 7j & 1 T 

used; generally however the boiling point of the solvent o HZl^ 7T * 

more than about 100'C Such solvents may be used effi^Z^H " 
■ co mpositions of me invention ^ ^ ^ of residua] o » £ ~on o the 

solvent may conveniently be removed by evaporation e a under r,H T 
as this may leave some solvent residue (e.g. up t0 3 * £~ ^/TT' 
desirab, to use a solvent snch as ethanol (or an ^^^^ 
permitted pharmaceutical excipient. ' 

If the drug compound is insoluble or poorly soluble in the solvent of choic ,h 

of the invention may i„ V o,ve dispersion of microparticles <„ o« ht ^ 

particle size of 1 t0 m „ m) of lhe dn)g fa J^™!^ * 

dissolution of the drug compound. If this is done, i, is desirable th,, ,h 7 
partides he as small as posstble. Nanopanicles of iJ^tZZSZ'?*"™*, 
or example by vartous precipitation techniques or b y ^ wi^^T 
tolerable inorganic beads, e.g. of zirconia (EP-0,499,299). 

The solvent removal may be cssential.y compiele or ,t may be incomplete in the former 

case to produce a solid or a gel-like solid or semi-solid and in i„„ 

a viscous fluid which can for example be fined into clpsufe. "° 

ir? 1 ' T ntia ' Iy C ° mP ' e,e SO ' Vem rem ° Val Wi " •» *e resuhan, 

product can men readily be shaped. Shaping may be effected by spray-drying 2 

o u ton to provide the product in paniculate form,, by evaporation of sLnt fL 

ile T ^ m0,di " g ^ injCCUOn «<™- andTe 

irke. In general me product can be formed when ho, and allowed to solidify on coolin E 

The shaped product may likewise be produced in film or sheet form by evaporatToT 
by pounng a heated mass onto a plate and evaporating off the solvent 

In one preferred embodiment the product is shaped by filling int0 (e . g . by pourin „ „ . . 
extrusion) capsule shells, e.g. of gelatin. y pouring or by 

The product may be hygroscopic, and thus may be "tacky" if touched by hand due to its 

product to be provded with a protective coating to prevent moisture uptake during 
handl ng. Such coatings may for example take die form of capsu.e casings (as described 
above,, table, coatings, protective fi,m or web coatings, and moisture-proof removabl 
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wrappings. Tablet coatings may be applied in conventional manner and m.v h - 
•o dtssolve in the mouth „ r stomach (e.g. sugar or •^^^ " 
alternatively may be gastric juice resistant polymers (such as the 
Eudragi,® coatings produced by Rflhm 0m P y ^^LoT ^ 
should occurin me intestine, »o m J or ZZ%T~T Tk 
product is to be a Ppli ed topica,,, e.g,or uptaxe across^ ^ ' ^ ^ 
Ml ,„ th,s even, a pad of the composition „i„ general* be disposed be,™ 
adhestve upper protective layer and a lower removable layer An examoW " , , 
application form for application on nails and adjoining tissue 7, 77 " 
fungal infection, is shown i„ US-A-51819,4. *' ' rea,mem ° f 

Where the product is produced in particulate form, e.g. by sprav-drvin. , 
can be Io adcd into water-tight administration devices (e 1 ZZ , " 
dosing devices such as i n ha,ers, for otal, nasa, or to^tdl I tiZfT ^ 
Peculate. A,temative ly particulates may be loaded into capsules or mi" ^ 
buKmg agents such as lactose. starch, microcrystalline celiulose and mi"™, 
« c impressed to form tablets. In any even, the particles may additton^ he Z de d 
wuh one or more coatings, e.g. ,„ provide a delayed or pro.onged re.ease aLXItion 

Generally however it wil, be preferred to shape the product into individual doses and to 
provtde these with a protective coat, e.g. ,„ produce a capsufc, coated tablet or fita 
covered pad single dosage unit. 



Whtle no, wishing to be bound by theory it is thought that the advanta-eous dm. 
compound d lution profile ^ rf ^ .-drug 

resu, of a combmation of me effect of me component of the composition » closure 
to water or aqueous body fluids. The water and the acid provide a higWy acidic 
mtcroenvtronmen, in which me solubility of the drug compound is increased. This acidic 
m croenvtronmem contains the cydodextrin which is capable of comp.exing the 
solubHtzed drug causing the production „, a supersaturated solution of the drug 

eZs" "of *" mP *: S ™ S ° 1Uti0n ^ StaWU2ed " y *» -anctg 
effect of the orgamc polymer which hinders precipitation of the drug as the dH 

.ncreases as the microenvironmen, becomes more dilute as more water enters 

Accordingly, i„ u, e compositions of the invention, in place of the cyclodextrin i, i, 
considered possiMe to use other compounds capable of comp.exing the drug compound 
■a particular host complexams capable (,*e cyclodextrin) of produ ,„g host gue" ' 



WO 98/55148 



PCT/EP98/03189 



-16- 



0 



complexes witf, the drug compound be 

P^iologically ,o,erab,e macromolec U £ < e / * "TT " ^ 3 
* IkD) viscosity enh a„ C e r may „. used . jn each Jt"?* ° f m ° lecuIar 

*e cyclodextrin, acid Md org L c ^ ™ *ve for 

While .he benefits of the compositions of the invention are m „„ 
drug compound is no mo re than sparingly soluble thTd 7 f 0 " 0 "^ where the 
aehi»v»hi. • .. ^anngty soluble, the drug dissolution profiles 

achtevabte usmg the combination of drug, cyclodextrin and acid (or JiuT„ h „ 
pamcularly improved drug uptake profiles may he achieved eJ2Z ,h d 
compound is more soluble. TTtus viewed from an aHemative aspea tTi 7 
provides a pharmaceutical composition comprising i„ fa T^T 
compound, a cyclodextrin, a physiologically tolerable water-soluble acid , H 
phystologically toterable water-soluble organic polymer. ' " 

Moreover, where appropriate quantities of cyclodextrin acd „nH H 
used, tt is poss.ble to ach.eve particular* deLhle d ZZT"" 7 
organic po.ymer is used ,„ very smal, quantities or even » C^^^ 
urther aspect the invenUon provides a pharmaceutical composition £" 3 

adnmture a no more than sparingly water soluble organic dru. ctmrnoZT 
solubU physiological ly to,erab,e organic acid and a L,^^Z g ~ 
tolerable cyclodextrin. said acid and cyclodextrin being present at 1 5 Z , r „ 
» ,0. more preferably 2.5 to 6, paris by weight and , " ^f ab " 



As has been mentioned above, the compositions according to the invention o, k 
produced with particularly favourable drug dissolution Dro ffle TH T 

provide a more pro.onged P i. uptake Z^ZZ^I^TT"" " 



Such a dissolution profile is thus novel and advantageous in its own right and viewed 
from a lurther aspect the invention provides a pharmaceutica, coa^JJ^Z 
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an organ* drug compound and a. least one water-soluble physiologically tolerable 
extent, characterised in tha, a, 5, ,5 and 45 minutes after addWo 6 n of "of 
s.d „„pos 1U o„ conraining 100 mg of said drug compound ,o 600 mL of o7n 
hydrocUonc acrd a, 37'C. from 7 to 25 (preferah.y ,0 ,o 20. especially 12 t o I % 45 
Co 70 (preferab.y 50 .„ 65, especially 54 ,o «, % and a, ieast 9 preferably a a! 97 
espectaUy a, least 98) « respecuve.y of sard drug compound is in s 0 , UU o„ n sld 
hydrocWortc acrd. These figures relate to In w, ro dissolution studies cond cted „ 
accordance wtth the monograph USP 23. <71 1> Dissolution, pp. 1791-1793 

For example, in determining the dissolution profUes .set on, above, the composition is 
p, ced wtftout a coating or with a rapidly soluble coating (e.g. a gelatin capsu, she ) in 

USP I 7 T aPPr ° Priate mediUn,> Md "» mi " ture is >4 .he 

USP-method w.th a paddle, apparatus 2. a, a speed of 50 „r 100 rpm. 

The compositions according ,„ the invention may be ■„ any form mvatiau f „ 

adm mstration or admiris.ra.ion into an externally voiding body cavity ,e g „ OS eT nB 

.ablets, buccal tabfcts, lodges, ear-p,ugs, nose plugs, coated tablets, capsules 

patches and powders and more especially capsules and coated tablets are preferred The 
drug dosage wtil depend upon .he drug compound a s we,, as the species and ^ f 2 
subject betng trea^d. Typically, dosages will be 0.5 ,o , .2, preferably 0.8 ,„ 5 t rn e, 
the conventional dosages for .he selected drug compound ad.ninis.ered by C 

Former (his invention comprioses a pharmaceutical composition or a pharmaceutical 
dosage form as describe hereinbefore for use i„ a memod of therapy or d^ sTo , he 
human or non-human animal body. "gnosis ot the 

This invention also relates to a pharmaceutical composition for use in the manufacture of 
a pharmaceutical dosage form for oral administration to a mamma, in need oTtrea m n, 
charactered rn that said dosage form can be administered at any time „ f , he „" ' 
independentiy of the food taken in by said mammal. 

Or, in otiter words, the present invention also concerns the se of a pharmaceutical 
composttion as described hereinbefore for the manufacture of a pharmaceutical dosage 
fom, for oral admi„is.ration to a mamma, in need of treatment, characterised Z "hat sa,d 



WO 98/55148 PCT7EP98/03189 



-18- 



dosage form can be administered at any time of the ri,v i n * ^ , 
in by said mammal. ^ inde P ende ^y of the food taken 



This invention also relates to a method of therapy or diagnosis of the human 
human ammal body which comprises administering to said body a l^ZZZ 
Really effective d ose of a pharmaceutical composition L ord ~^ Qf 



Th 1S xnvenuon also relates to a pharmaceutical package suitable for commercial sale 
compnsmg a container, an oral dosage form as claimed in any one of cl aTm 12 to 17 

*1TT d With ^ PaCkagC Writte " maUer — " t0 ~ d s age 
form can be administered with or without food. 8 

The invention will now be described further with reference to the followin* non-ltafcto. 
Examples and the accompanying drawings, in which: 8 

Figures 1 and 2 are graphs showing plasma concentrations of the drug (-W2S 
l^4c.( S .)JJ-4.[4- [ 4.t4. [ [2.(4-ch,oro P hen y ,,. 2 - [[( 4-me,h y l- W -, ,2, ,L xol 3- 

■nvenuon an a convenuonal administrauon form (sugar parddes coated wittn 
drug and Joaded ,„ a gelatin capsule) [see Example 6 for further details); and 

Figure 3 is a dilution profiie for the three itraconazole compositions of Example 2. 
Example 1 

glass thermoplastic sv^m ^ mpositmn r r T ,, nTl - nn 

The foUowing ingredients are mixed in a 250 mL glass flask: 

Drug compound (e.g. itraconazole) 20 g 

Citric acid monohydrate j qq 

Anhydrous ethanol (100 mL) is added. The glass flask is placed on a steam bath (bain 
mane) and surred at 70-C until the drug and acid are completely dissolved (abo U l l7 
mrnutes). Thereafter the following ingredients are added: 

Hydroxypropyl-p-cyclodextrin 50 g 

Hydroxypropylmethylcellulose (29 1 0.5 mPa.s) 1 0 g 

The flask is placed on the steam bath and stirred at 70°C until dissolution is complete 
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(about 70 minutes). The solution is then poured onto cleaned «r r i 

are then placed in a drying oven for 2 hours at 80*^ H * ***** WWch 

40*C under vacuum ovenLht The nl t u subs ^ntly for 

uum overnight The plates are then heated to 80°C and th* «i . 
^ off ^ flllKl imo ^ mg capacity ^ ° *> C and the gel res,due » 



Examp le 2 
Composi tion prep aration 



Analogous* ,o E*an, pl e 1 . gelatin capsules having ,ne following Native weichts of 
components are prepared- e wei £hts of 



components are prepared: 

(A) 100 mg Itraconazole 

500 mg citric acid monohydrate 

275 mg hydroxypropyl-p-cyclodcxlrin 
25 mg Methocel E5 

(B) lOOmg Itraconazole 

500 mg citric acid monohydrate 

250 mg hydroxypropyl-p-cyclodextrin 

50 mg Methocel E5 

(C) 100 mg Itraconazole 

500 mg citric acid monohydrate 

225 mg hydroxypropyl-p-cyclodextrin 

75 mg Methocel E5 



(D)* 200 mg 



Methyl 6, , 1 -dihydro- , H , -[^-(^uinolmylmethoxyjphenyljethyl] 

650m e 4 ™ en t y1 ™^^ 3-carboxyla^ 
t>5Umg citnc acid monohydrate 7 



30 



250 mg hydroxypropyl-p-cyclodextrin 



(E) 100 mg 



4H. 1,2 4. lna20l . 3 . vl)thi0)mel|ly|) . 1 .a-dioxolan-^yljmechoxyl. 

Pheny ]- 1 -piperazinyUphenyD^^dihydro^f 1 -me 1 hy I p ro pyl ) .3tf. 
1 ,2,4-triazol-3-one 



35 500 mg citric acid monohydrate 

250 mg hydroxypropyl-p-cyclodextrin 
50 mg Methocel E5 
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• For example 2(D) the composition „ loaded imo , m mg ^ 

o7lef cc M0D ° f ° f EXamP ' e 2(AX <*> » d < C > » *™ in Figure 3 

coMammg 100 mg of ttraconazole in 300 mL of stirred 0. 1 N HC1 a. 37- C and 
ob S ervm s U,e pereenmge of dissolved drug compound attimes 0.5. 15 30 45 and 60 

ZTJTr^T usteg fte usp - melhod * ^ ™2 

HCl^rc 0 :^ 2(E> ' ^ 100m « *»« "TO -Med ,o 600 m L of 0.1 N 

HC1 a, 37 C, me mean percentages of drug compound in solution at 5, 1 5 30 and 45 

' 92 73 ^ 98 - 6? """^ «■ eft ^s „g lhe 

USP-method wnh paddle, apparatus 2, 1 00 rpm). 8 

The dissolution profile of Example 2(E) was compared with that of a conventional 
capsule dosage form in which the gelatin capsule is loaded wnh sugar paruXs" te d 

with 00 mg of O-^S-^aCS^JJ-^-^-^^-C^chlorophenyl]! [( 4 
1 2,4-^01-3-^™*^ 

P ace d 10 ml of o, N HC1 at 37X in glass v.als and shaken in a mech n.a slier 

1 00 strokes per mmute) and the percentage of drug compound in soluuon after 0 
30 and 60 rmnutes was determined. The results are set out in Table 1 below. ' 



Table 1 



Percentage of dm r ro mr>ound ;,-> C nh.t; nn 

Time Example 2(E) Conventional Capsule 
0 0 o 

30 91.26 15.54 

60 101.90 1839 



This clearly shows how much more readily the drug compound is made bioavailable bv 
the compositions of the invention. woavauawe by 

Examp le ^ 

Effect of or g anic polymer on siip ers a t„ration srahility 

Aqueous solutions of hydroxy P ropyl- P -cyclodextrin (HP P CD) and Methocel E5 in 
300 m 0. l N HC1 at 37°C were prepared having the concentrations set out in Tal 2 
The soluuons were stirred using the USP-method with paddle, apparatus 2, 150 rpm. ' 
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Sample HPpCD (mpV Methocel RS f™ ^ 
1 



2 
3 

5 4 

5 
6 
7 
8 

10 9 



250 


250 


500 


0 


250 


00 


500 


500 


0 


250 


500 


250 


0 


0 


250 


0 


0 


500 



To these solutions, with stirring, a concentrated solution of itraconazole in DMF 
(50 mg/mL) was added dropwise until precipitation was observed. Subsequently the 
concentration of dissolved itraconazole expressed m mg% ( ie . the number of J 
dxssolved in 100 mL) was observed at 0, 30, 60 and 120 routes. The result5 are set out 
m Table 3 below: 



Table 3 

Percentage of H rug compound in snlminn 

20 Sample 1 2 3 ' 4 

Time 
(minutes) 



30 



35 



7 8 



0 59.52 72.10 58.95 75.47 42.65 75.27 42.60 60 95 42 95 

30 62.02 74.40 62.05 78.12 44.85 80.17 44.10 6 2 9 2 45 20 

25 60 62.52 70.37 62.50 79.47 45.40 80.40 44 97 64 07 

120 62.79 45.82 63.90 80.77 46.55 81.25 3 L32 33 65 



46.00 
47.05 



HPBCD: 1:1 2:0 1:2 
Methocel ratio 



2:2 0:1 2:1 0:0 



1 :0 0:2 



These results clearly demonstrate (i) the solubilizing effect of the cyclodextrin (Samples 
2, 6 and 4 show the highest initial itraconazole concentrations, followed by Samples 8 
1 and 3, with Samples 7, 5 and 9 showing the lowest initial concentrations) and (ii) the 
stabihzing effect of the organic polymer (Samples 2, 8 and 7 show the greatest drop in 

itraconazole concentrations over 1 20 minutes, etc). 



Example 4 

Extended release formulation 



Analogously to Example 1, gelatin capsules were prepared containing the following: 
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25 



30 



41.55 mg Cisapride 

508.45 mg citric acid monohydrate 

250 mg hydroxypropyl-P-cyclodextrin 

1 00 mg Methocel Kl 5M 



35 



This foliation has a m uch slower dissolution rate than the compositions of Example 

H°rT T ° f diSSOlUti ° n " mUCh ^ Cl ° Se t0 Hnear W " h — -d shows 
much less dependence on the pH of the dissolution medium. 



10 Example 5 
Nail gel 

A gel for application to nails or hooves to effect antifungal treatment is made with the 
following composition: 

Itraconazole ocn 

^50 mg 

15 Citric acid monohydrate 2 ()83 mg 

Hydroxypropyl-P-cyclodextrin 333 mg 

Hydroxypropylmethylcellulose (Methocel E5) 83 mg 
Anhydrous ethanol 2 m i 

20 Examp le 6 
Body up take. 

The plasma concentrations of R 103757 were determined in healthy humans at 0 V 2 1 
1 A 2, 3, 4, 6, 8 and 12 hours after oral administration of 100 m« (-) [2S 
r2a,4a(S*)]]-4-[4-r4^^ 

duolmethylJ-U-dioxolan-40^ 

l-memylprop y l)-3//-l,2,4-triazol-3-one as (i) a 5 mg/mL oral solution containing 25% 
hydroxypropyl-p-cyclodextrin solution administered under fasting conditions (ii) a " 
conventional capsule containing (-y^lTc^S^m^lA-i^^o^ylJ. 
2 ; [[(4-meW 

P i P e r azmyl]phenyl]-2,4-dihydro-2-(l -methylpro P yl)-3tf- 1 ,2,4-triazol-3-one coated 
onto sugar particles administered under fasting conditions, (iii) a conventional capsule 

conta 1 ning(-)- [ 2S-[2a I 4a(S*)]]-4-[4-[4-[4-[[2-(4-chlorophenylJ-2-[[(4-methyl-4// 
l : 2 > 4-ma 2 ol-3-yl)tWo]methyl]-l,3-diox 0 lan-4-yl]m e thoxy] P henyl]-l-pipe raz inyl]- 
ph e nyl]-2 ( 4-dihydro-2-(l- m ethy]prop y l)-3//-l 1 2,4-tria Z0 l-3-on e coated onto sugar 
particles ..administered after a standard breakfast, (iv) a capsule according to Example 
2(E) administered under fasting conditions and (v) a capsule according to Example 
2(E) administered after a standard breakfast. 
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10 



15 



20 



25 



30 



The standard breakfast" comprised four slices „, bread , one slice of ham one 
cheese b„ tE , .,e lly a „d lw0 cups of coffee or tea with milk ^ su8ar " 

The 100 mg dose of (•)-t2S- [ 2a,4a(S., 1 ,-4- [ 4-f4- [ 4- [[ 2-(4-ch I orophf„ yl J.2^ (4 
W». , ^-tria^-yOthio^ethyrj- , Mtaw^^ 

administered just after such a breakfast. 

Blood samples of i 0 m L were taken to obta i„ 5 mL plasma. The blood samp.es were 
u*e„, collect m heparins tubes, and centnfuged a, lOOOg for ,0 minutes wi* „ 

- — im ° ~* - ~ 

The resuus are shown in Figure., 1 and 2 which presents drug concentrations as a 
functton of Ume. As can he seen, me convention, capsu.e performs signiftcanth, 
worse than ,he soluUon even with fasung. However ,he capsule according ,o 7e 

7" 0U ' Perf0m,S th ° ^ «°urs whether or not me recipfen, has fasted 

^rnost surging,,, complete,. outper,o„ M the so.uhon where the rLp^ £ Z 

Example 7 

Effect of nH on dissnintinp 

Following the procedure of Example 1 , a placebo capsule comprising methylene blue 
(2,63 mg). cunc ac.d (600 mg), hydroxy p r„p y |.p..c y c,„dex.ri„ (250 mg) and h y drox y - 
propy meth y ,cel,u l0 se (Methocel B5. 50 mg, was prepared The disso Uon o, to e 

f C ApPara * US 2 w " h " addIe ' 100 The s,x media tested were • 0 IN 
HC1 (pH ,.55). 0.01N HC, (pH 2.25), 0.0O,N HC, ( P H 2.75), USP pH 4.5 (pH 4 4m 
USP P H 6.5 (pH 5.80) and USP pH 7.5 (pH 7.0). -3 (PH 4.40), 
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The results are set out in table 4 below : 



0. 1 N HC1 




0.01N HC1 

0.00 
21.85 
73.75 
104.25 
104.93 
104.70 



pH 



0.001NHC1 

0.00 
16.62 
74.43 
104.93 
105.39 
104.93 



1.55 



2.25 



2.75 



USP pH 4.5 

0.00 
21.40 
71.93 
100.15 
104.48 
1 05.16 
4.40 



USP pH 6.5 

0.00 
15.48 
60.55 
102.20 
103.57 
1 04.48 
5.80 



USP pH7.5 

0.00 
16.62 
62.59 
100.83 
104.25 
104.02 



7.00 



Example 8 

Following the procedure of Example 1 . various drug containing capsules were mad 
having the following relative weights of components : 



A. 100 mg 
500 mg 
250 mg 

50 mg 

B. 200 mg 



650 mg 
250 mg 

C. 100 mg 



500 mg 
250 mg 
50 mg 

D. 100 mg 



500 mg 
250 mg 
50 mg 



itraconazole 
citric acid 

hydroxypropyl-p - cy cl odex trin 
HPMC E5 

methyl 6,ll-dihydro-ll-[l-f2-[4-(2- q uinolinylm e thoxy)phenyl]ethyl]-4 

piperidinylidene]-5//-imidazof2 1 l-b][31bcn Z azcpine-3-carbo Xy late 
citric acid 

hydroxypropyl-3-cyclodextrin 

(-)-[2S-[2a ) 4a(S*)]]-4-[4-[4-[4-[[2-(4-chlorophen y l)-2-[[(4-methyl- 
4//-1.2,4-tria Z ol-3-yl)thio]methyl]-l,3-dioxolan-4-yl]methoxy]phenyl]- 

l-piperazinyl] P henyl]-2 > 4-dihydro-2-(l-methyl P ropyl)-3//-l,2 > 4-triazol- 

3- one 

citric acid 

hydroxypropyl-fi-cyclodextrin 
HPMC E5 

4- t[4-amino-6-[(2,6-dichlorophenyl)methyl]-l,3,5-tria 2 in-2-yl]amiiio]- 
benzonitrile 

citric acid 

hydroxypropyl-P-cyclodextrin 
HPMC E5 



E. 



5mg (B)-N-[4-[2- e thyl-l-(lH-l 1 2,4-triazol-l-yl)butyl]phen y l]-2-benzo- 
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500 mg 
395 mg 

F. 1 00 mg 



500 mg 
250 mg 
50 mg 



thiazo] amine 
citric acid 

hydroxypropyl-p-cyclodextrin 

(B-cis)- 1 - [4-[4.[4-ff4-(2,«ifluorophenyI>4. (1 „. , ,2,4-triazo]- 1 - y l- 
meth y l)-U-dioxolan-2-yl]methoxy]phenyl]-l-pi pera2inyI]ph .J 

melhylethyD-2-imidazolidinone Vi ( 

citric acid 

hydroxypropyl-p-cyclodextrin 
HPMC E5 



The dissolution of these compositions was determined according to the USP ,, 
where only 300 mi med.um ™ U5ell . The resuta are „ „ ul i„ ta following ^ 
Table 5 : Formulation (A) 



Time (min) 


sample 1 


sample 2 


1 sample 3 


0 


0.00 


0.00 


0.00 


5 


10.75 


9.99 


10.69 


15 


56.61 


57.18 


59.61 


30 


85.89 


88.98 


90.24 


45 


95.46 


99.84 


96.87 


60 


101.94 


102.06 


102.87 



Table 6 : Formulation (B) 



Time (min) 



0 

5 

15 

30 

45 

60 



0. 1 N HC1 



0.00 
27.00 
92.13 
97.11 
98.64 
100.29 



0.01 NHC1 



0.001NHC1 
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Table 7 : Formulation (C) 



Time (min) sample 1 sample 2 




Calculated concentration in % of the active. rW 



0.00 
13.81 
58.44 
92.34 
98.28 
100.08 



sa mple 3 
0.00 
17.67 
66.60 
93.36 
98.82 
99.66 



sample 4 
0.00 
19.79 
63.42 
92.46 
99.30 
100.20 



sample 5 
0.00 
18.56 
62.46 
92.52 
98.52 
100.02 



Table 8 : Formulation (D) 





Calculated concentration in % of the active dose 


Time (min) 


Sample 1 


5 


0.00 


5 


7.41 


15 


49.49 ■ 


30 


86.92 


45 


99.57 


60 


99.84 


90 


101.77 


120 


103.52 


150 


103.70 



Table 9 : Formulation (E) 



Time (min) 
0 
5 

15 
30 
45 
60 



Calculated concentration in % of the active Hn» P 



0.1NHC1 



0.00 
48.72 
100.92 
102.48 
103.08 
1 02.00 



0.01 NHC1 



0.00 
26.16 
96.36 
98.76 
102.24 
1 02.00 



0.001 N HC1 



0.00 
24.96 
94.20 
95.76 
96.96 
97.80 



sa mple 6 
0.00 
16.19 
57.06 
92.76 
98.16 
99.96 
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Table 10 : Formulation (F) 



10 



15 



Time (min) | sample 1 

0.00 
12.66 
54.36 
94.26 
100.98 
101.22 



Calculated concentration in % 0 f the active, dose 



sa mple 2 
0.00 
14.76 
56.82 
93.96 
101.28 
101.34 



sa mple 3 
0.00 
12.66 
61.98 
97.50 
100.50 
101.16 



sample 4 sample 5 samplp.fi 



0.00 
12.66 
64.80 
98.40 
101.16 
101.52 



0.00 
15.36 
54.78 
95.58 
100.68 



0.00 
17.34 
63.78 
97.20 
101.34 



100.86 | 101,58 ioi 



0.00 
14.24 
59.42 
96.15 
100.99 



28 



Example 9 
Stability t esting nf formulation « f r) 

Capsules of formulation 8(C) were stored for 1 month and 3 months at 40°C and for 
1 year at room temperature. Dissolution measurements were made according to the 
USP method (600 ml 0.1 N HC1, 37°C, paddle apparatus 2,100 rpm). 
The following results were obtained : 

Table 11 : after 1 month at 40°C - 



Time (min) 




0 
5 



15 
30 
45 
60 



0.00 
10.11 
59.72 
93.00 
100.14 
100.50 



Calculated c oncentration in % of the act ive dose 



sample 2 



0.00 
10.79 
55.02 
90.06 
98.22 
100.92 



sample 3 



0.00 
9.94 
48.97 
89.70 
98.94 
99.36 



sample 4 sample 5 




0.00 
9.59 
54.36 
92.70 
99.84 
99.54 



0.00 
14.35 
66.54 
95.46 
99.48 
100.56 



sa mple 6 
0.00 
1 0.33 
52.38 
89.16 
99.18 
100.26 



averag e 
0.00 
10.85 
56.17 
91.68 
99.30 
100.19 



Table 12 : after 3 months at 40°C 



Time (min) 



Calculated c oncentration in % of the active dose 



100.32 



s ample 2 
0.00 
5.90 
45.00 
89.10 
99.96 
100.14 



sample 3 
0.00 

13.93 

56.76 

89.70 

99.54 
100.92 



sample 4 



0.00 
11.49 
48.30 
87.96 
99.78 
100.44 



sample 6 



101.70 



0.00 
7.78 
47.76 
84.42 
100.08 
100.50 



100.67 
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Table 13 : after 1 year at room temperature 



10 



15 



Calculated concentration in % of 
the active dose 



Time (min) 


sample 1 


sample 2 


sample 3 
0.00 




0 


0.00 


0.00 


average 
0.00 


5 


14.94 


16.14 


15.48 


15.52 


15 


61.98 


66.12 


67.32 


65.14 


30 


92.52 


91.86 


96.12 


93.50 


45 


99.72 


99.60 


98.70 


99.34 


60 


101.10 


100.80 


99.36 


1 00:42 



Example 10 

Variability in bioavailabi lity n f Formulation (TO 

The variability in the bioavailability of Population (D) in beagle dogs was evaluated as 
follows. First, two beagle dogs received as single oral administration of a PEG-400 
solution comprising 4-[[4-amino-6-[(2;6-dichlorophen y ])methylM ) 3 5-triazin 2 
yl]amino]benzonitrile at a dose of 10 mg/kg. Plasm levels were measured for 32 hours 
After 7 days, the same dogs were now treated with a single oral capsule comprising 
the formula (D) at 10 mg/kg. Plasm levels were again determined for up to 32 hours 
after administration. The individual results are as follows. 
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Plasma levels (ne/ml) 


Formulation 


Dav 


1 1111c 


Dog 1 


Dog 2 
NA 


GTS cansule 


7 


U n 


NQ 






U.j n 


24.2 


68.5 






1 h 


567 


600 






2h 


850 


859 






4h 


461 


492 






6h 


288 


343 






8h 


237 


207 




8 


24 h 


74.0 


32.9 






32 h 


32.7 


10.1 



NQ : not quantifiable by the HPLC method (< 5.0 ng/ml). 

Surprisingly, the plasm levels obtained after administration of the capsules comprising 
formula (D) are very much more similar to one another in the two test animals than 
those obtained after administration of the PEG 400 solution. 

Example 1 1 

Permeation and accumulation of irmr.nn a zole through and in human cv;^ 
A Franz cell was fitted with fresh whole human skin and its receptor filled with a 20% 
(w/v) solution of hydroxypropyl-p-cyclodextrin in water. A Finn Chambers patch was 
filled with Formulation 8(A) and was then placed on the skin wetted with a small 
amount of phosphate buffered saline. Samples of the receptor solution were 
withdrawn at regular intervals and the presence of itraconazole in the solution was 
measured using high performance liquid chromatography. At no time point could any 
trace of itraconazole be detected, indicating that this compound did not penetrate 
whole human skin. At the end of the experiment the skin was thoroughly washed and 
then extracted in order to determine die amount of itraconazole accumulated in the 
skin. A mean value of 12.2 ng/cm 2 could be calculated from the results of 8 
independent experiments. 
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Claims 



1 . A pharmaceutical composition comprising a no more than sparingly water-soluble 
drug compound, a cyclodextrin, a physiologically tolerable water-soluble acid, and 

5 physiologically tolerable water-soluble organic polymer. 

2. The composition of claim 1 characterised in that the weight ratios of drug 
compound to acid and of drug compound to cyclodextrin are no more than 2:1. 

10 3. The composition of claim 1 or 2 characterized in that the physical state of said 
composition is a glass thermoplastic phase. 

4. The composition of claim 3 wherein the cyclodextrin is 2-hydroxypropyl-p- 
cyclodextrin. 

15 

5. The composition of claim 3 wherein the acid is selected from the group comprising 
citric, fumaric, tartaric, maleic, malic, succinic, oxalic, malonic, benzoic, mandelic 
and ascorbic acid. 

20 6. The composition of claim 5 wherein the acid is citric acid. 

7. The composition of claim 3 wherein the polymer is selected from the group 
comprising 

- alkylcelluloses such as mcthylceUulose, 

25 - hydroxyakylcelluloses such as hydroxymethylcellulose, hydroxyethylcellulose, 

hydroxy propylcellulose and hydroxybutylcellulose, 

- hydroxyalkyl alkylcelluloses such as hydroxyethyl methylcellulose and 
hydroxypropyl methylcellulose, 

- carboxy alkylcelluloses such as carboxymethylcellulose, 

30 - alkali metal salts of carboxy alkylcelluloses such as sodium 

carboxymethylcellulose, 

- carboxyalkylalkylcelluloses such as carboxymethylethylcellulose, 

- carboxy alkylcellulose esters, 

- starches, 

35 - pectins such as sodium carboxymethylamylopectin, 

- chitin derivates such as chitosan, 

- heparin and heparinoids, 
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- polysaccharides such as alginic acid, alkali metal and ammonium salts thereof 

carrageenans, galactomannans, tragacanth, agar-agar, gum arable, guargum and 
xantnan gum, 

- polyacrylic acids and the salts thereof, 

- polymethacrylic acids and the salts thereof, methacrylate copolymers 

- polyvinylalcohol, 

- polyvinylpyrrolidone, copolymers of polyvinylpyrrolidone with vinyl acetate 

- polyalkylene oxides such as polyethylene oxide and polypropylene oxide and 
copolymers of ethylene oxide and propylene oxide, e.g. poloxamers and 

poloxamines. 

8 ' WO nZ° S T n ? Cl fV- Wherdn P ° lymer h3S an a PP arent viscosity of 1 - 
100 mPa.s when d IS solved in a 2% aqueous solution at 20°C. 

9. The composition of claim 8 wherein the polymer is hydroxypropylmethylcellulose. 

10. The composition of claim 3 wherein the drug is a basic compound. 

1 1 . A composition according to any one of the preceding claims that dissolves rapidly 
in body fluids, characterized in that it comprises from 50 to 95 % by weight of 

acid. 



12. A composition according to any one of the preceding claims that provides 
sustained release of the drug, characterized in that it comprises a water soluble 

1 in 



polymer having an apparent viscosity of more than 1,000 mPa.s when dissolved i 

a 2% aqueous solution at 20°C. 



13. A pharmaceutical dosage form comprising a therapeutically effective amount of a 
pharmaceutical composition as defined in any one of the preceding claims. 

14. The dosage form of claim 13 adapted for topical administration or administration 
into an externally voiding body cavity such as the nose, lungs, mouth, ear, 
stomach, rectum and vagina. 

15. The dosage form of claim 13 wherein said composition is filled into a standard 
capsule, or alternatively is mixed with bulking agents and compressed into tablets. 

16. The dosage form of claim 13, characterised in that at 5, 15 and 45 minutes after 
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addition of said dosage form to (UN hydrochloric acid at 37°C in the dissolution 
test set forth in USP test <7 11 > in * T kp o « i absolution 
. n / iesi</11 > maUSP-2 dissolution apparatus equiped with a 
paddle, from 7 to 25%, 45 to 70% and at least 96% respectively of drug is 
dissolved in said 0. 1 N hydrochloric acid. 

17. A pharmaceutical composition according to any one of claims 1 to 12 or a 
pharmaceutical dosage form according to any one of claims 1 3 to 17 for use in a 
method of therapy or diagnosis of the human or non-human animal body. 

18. A pharmaceutical composition according to any one of claims 1 to 12 for use in the 
manufacture of a pharmaceutical dosage form for oral administration to a mammal in 
need of treatment, characterized in that said dosage form can be administered at any 
time of the day independently of the food taken in by said mammal. 

1 9. Use of a pharmaceutical composition according to any one of claims 1 to 1 2 for the 
manufacture of a pharmaceutical dosage form for oral administration to a mammal in 
need of treatment, characterized in that said dosage form can be administered at any 
time of the day independently of the food taken in by said mammal. 

20. A method of therapy or diagnosis of the human or non-human animal body which 
comprises administering to said body a therapeutically or diagnostically effective 
dose of a pharmaceutical composition according to any one of claims 1 to 12. 

21. A pharmaceutical package suitable for commercial sale comprising a container an 
oral dosage form as claimed in any one of claims 1 2 to 17, and associated with 
said package written matter non-limited as to whether the dosage form can be 
administered with or without food. 
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Figure 1 




Time, hours 



A 
o- 

□ 



treatment (i) 
treatment (ii) 
treatment (iii) 
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Figure 2 




treatment (i) 
treatment (iv) 
treatment (v) 



4 
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Figure 3 
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